Optimising autonomy is increasingly important in recovery from psychosis. To date, physical exercise has shown promise in the treatment of severe, enduring mental illnesses including psychosis -when used as an adjunct treatment. To assess the association between physical exercise and autonomy in young adults, a simple pre-post experimental design was utilised. Individuals aged 18-35 years, treated at one of three specialist outpatient units for first-episode psychosis in Stockholm, Sweden were invited to participate in a 12-week programme of structured group exercise. Autonomy was measured using four questions from the Camberwell Assessment of Needs questionnaire (physical health, social and close relationship and daily tasks). Comparisons were made between: 'no attendance' and 'any attendance'. The latter group was bisected into higher and lower categories.
A C C E P T E D M
A N U S C R I P T
Introduction
Psychosis is associated with impaired cognition which can limit independent function, increasing dependence on external support (Mueser and Mcgurk, 2004) . Recovery prioritises the maintenance of the individual's independence rather than the abatement of medical symptoms (American Psychiatric Association, 2005; Davidson et al., 2008) . Early intervention is thought to maximise and preserve function and has led to increased attention towards interventions for first episode of psychosis 1 (FEP) (Mueser and Mcgurk, 2004; Penttila et al., 2014) .
Recent meta-analysis of FEP shows that the recovery rate at 7 years (defined as multidimensional improvement for more than 2 years) was 37.9%. For those with schizophrenia, this figure was 30% (Lally et al., 2017) . Though greater than expected, this emphasises that the majority of those affected by psychosis remained impaired for prolonged periods. Importantly, the American
Psychiatrists Association issued a position statement with four pivotal goals of recovery, where the first tenet is the maximisation of the individuals' autonomy amongst: self-respect, integration into full community life, and resumption of normal development (American Psychiatric Association, 2005) .
Though difficult to conceptualise and measure, autonomy is considered to be 'perceiving oneself as the volitional source of one's actions' (Breitborde et al., 2012) , or simply 'self-directed action' (Piers, 2011) . Lower self-rated autonomy has been reported following FEP whilst deficits are present from the prodrome to psychosis (Breitborde et al., 2012; Hansson et al., 2002; Piers, 2011) .
Autonomy has been extensively linked with motivation and participation with the macro theory of Self-determination (Deci and Ryan, 1985) . In this theoretical framework, motivation is seen on a continuum increasing from a state of amotivation. Factors associated with this can be broadly categorised as intrinsic, engaging in activities for joy or self-fulfilment, and extrinsic, where others encourage participation and the individual seeks to avoid punishment or obtain promised rewards.
( Ryan and Deci, 2000) . External motivation can be internalised to promote autonomous participation by supportive feedback as perceived competence increases (Ryan and Deci, 2000; Vancampfort et al., 2015) .
Higher levels of intrinsic motivation have been associated with greater participation in physical activity (Teixeira et al., 2012; Vancampfort et al., 2015 Vancampfort et al., , 2013 . However, those with chronic schizophrenia report the lowest motivation comparatively (Firth et al., 2016) . Poignantly, synthesis of existing studies has shown that, for those with serious mental illness, external professional 1 First episode psychosis (FEP)
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support as seen as one of the largest motivating factors for exercise. Also, attending such activities increases internal motivation from both the exercise and the routine, suggesting a potential mechanism for change, which if implemented early could promote greater benefits (Firth et al., 2016; Hodgson et al., 2011) .
Whilst over 90% of individuals with psychosis appreciate the health benefits of physical exercise the group as a whole are markedly inactive, being sedentary for 11-12 hours of their waking day, 3 hours more than the general population (Firth et al., 2016; Stubbs et al., 2016) . Such inactivity is a major contributor to the 10-20 year inequalities in life expectancy, attributed to respiratory and adverse cardio-metabolic disease (Wahlbeck et al., 2011) . Those with schizophrenia alone, have 50% greater odds of cardiovascular disease and double the odds of cerebrovascular disease compared to controls (Correll et al., 2017) . Further compounding this risk, meta-analysis has shown an approximate rate of 32.5% of metabolic syndrome, worsened by antipsychotics (Mitchell et al., 2013) .
Primary prevention through physical activity has potential to combat this, though tackling both the adverse risk profile and sedentary behaviour is complex, and few are offered appropriate interventions in practice (Himelhoch and Daumit, 2003; Mitchell et al., 2017; Mitchell and De Hert, 2015) . Accordingly, the American College of Sports Medicine (ACSM) has developed an evidencebased protocol for prescribing exercise (8). Offering such interventions as early as possible provides better outcomes for the individual (Mitchell and De Hert, 2015; Moore et al., 2015) .
The physical implications of exercise include significant improvements in complex composite measures such as VO 2 max (the maximum rate of oxygen consumption per unit mass), which is a composite measure of cardiovascular, respiratory and metabolic functions and inversely correlates with mortality (Kodama, 2009; Vancampfort et al., 2017) . Furthermore, physical exercise has been shown to increase the global cognition of those affected by schizophrenia, and this effect is more marked with greater attendance and if the sessions are supervised by professionals (Firth et al., 2017) . Working memory, social cognition and attention were all shown to be enhanced by physical exercise. To such ends, physical exercise is considered an intervention in itself and there is growing need to explore the potential of physical exercise as an adjunct to pharmacological treatment in psychosis (Gorczynski and Faulkner, 2010; Malchow et al., 2013; Pearsall et al., 2014) .
In the context of recovery, qualitative data from the United Kingdom suggests that individuals with serious mental health conditions, express greater autonomy over their lives when participating in regular physical exercise. Participants in the British study reported changes associated with autonomy including improved capacity for decision-making, improved organisational abilities (Hodgson et al., 2011) . A randomised controlled trial of 63 patients with schizophrenia, conducted in
the Netherlands, has shown that a threshold attendance of 50% of structured exercise sessions reduces unmet needs in daily life when compared to occupational therapy, again suggestive of increased autonomous function (Scheewe et al., 2013) .
Though several studies have sought to explore the associations between physical exercise and psychosis, very few have explored autonomy, or the association between exercise and recovery (Firth et al., 2015; Gorczynski and Faulkner, 2010; Malchow et al., 2013) . Those that have been conducted typically utilised relatively small sample sizes (Malchow et al., 2013) .
With such considerations in mind, the Fitforlife study was designed to assess associated changes in physical, mental and social wellbeing when young adults with FEP were asked to attend a programme of structured physical exercise. Using data from this study, the aim was to assess the association between physical exercise and autonomy following FEP in young adults.
Methods

Study Design and Recruitment
The study from which the results are taken, FitForLife, was prospective to assess the physical, psychological and social changes associated with physical exercise in young adults with FEP. The study was initially performed at one centre between September and December 2015, with a further two centres added to bolster recruitment between March and August 2016.
Participants were recruited from three community psychiatric clinics specialising in the treatment of Posters were placed in communal areas of the three centres participating. Those who wished to join the study were asked to notify a staff member, who in-turn discussed with the responsible psychiatrist their suitability to participate. A list of willing, suitable participants was then passed to the research team. No data was collected for patients screened by staff prior to formal enrolment, so the total number of eligible patients cannot be calculated.
The study overarching FitForLife study received ethical approval from the regional ethical committee, number 2015/808-31/2. The study was prospectively registered on the German Clinical
Trials Register, DRKS00008991. All participants provided their informed consent and their participation was in accordance to the declaration of Helsinki.
Though initially planned as a randomised control trial, organisational difficulties and patient preference stipulated a change to a single arm pre-post design and prevent the termination of the study.
Participants
To participate in the study, individuals had to be diagnosed with a psychotic disorder and must be receiving specialist care for FEP with at least one documented episode within in the preceding five years (Breitborde et al., 2012) . At the time of referral to the specialist centre they must also have been under 40 years of age. Volunteers were only excluded if they were deemed too ill or unsuitable to participate by the treating psychiatrist. No explicit exclusion criteria were set for somatic conditions in view of the relative young age of participants and the prerequisite that participation had been agreed by the overseeing clinician.
Exercise Intervention
Each individual was asked to attend three of the five sessions per week for the duration of the 12-week programme. Each session consisted of brief warm-up lasting 5-10 minutes before an intensive 30-minute workout focusing on cardiovascular fitness, followed by stretching, with a total duration of approximately 1 hour. The intervention was conducted in small group sessions that were unisex and tailored to the capability and fitness of the participants. Sessions were individualised to accommodate participant requirements. The exercise regime was designed to adhere to the American College of Sports Medicine consort agreement on the prescription of exercise as an effective intervention (Garber et al., 2011) All sessions were conducted by trained instructors at the Swedish School of Health and Sports Medicine (GIH). The trainers were all final semester students of the health coaching bachelor programme conducted at GIH, with a three year education in sport science, public health and both scientific and sports research (Gymnastik-och idrottshögskolan, 2015) . During the sessions trainers used the Borg scale to assess and modulate the exercise intensity for the individual, as this has been shown to approximate heart rate (HR) (Borg, 1982) . The desired intensity on a scale from 6 to 20 was 13. Trainers also maintained contact with participants throughout the study contacting them via SMS or phone prior to most sessions.
Assessments
A C C E P T E D M A N U S C R I P T Data was collected from participants at specialist sessions both before and after the 12-week intervention. These sessions were conducted by trained research assistants and consisted of selfreported questionnaires, tests of physical fitness and collection of anthropometric and biological data. Sessions were conducted at both The Swedish School of Health and Sports Medicine and the psychiatric outpatient centres.
During the data collection sessions, autonomy was assessed using four items taken from the Camberwell Assessment of Needs questionnaire (CAN): employment, social contacts, close relationships and physical health (Hansson et al., 1995; Phelan et al., 1995) . These were chosen due to their perceived ameliorable nature given the three-month study duration. Answers were selfreported on paper questionnaires in Swedish before and after the 12-week intervention in the presence of a research assistant.
In each of the four domains, the participants were asked to rate their current support requirements and their perceived need for further assistance. Daily support was rated on a scale of 0-3 and their requirement for additional support on a scale of 0-2. Higher ratings suggest higher support utilisation and felt need for greater support, whereas scores of 0 show no requirements (Phelan et al., 1995) .
Medical data such as diagnosis (ICD-10), medication use, and history of contact with psychiatric services were obtained with consent from the participants' medical records by the lead psychiatrist responsible for the study (YF).
Participation
The lead trainer recorded attendance at each exercise session. Cumulative attendance was then recorded at the end of the 12-week period for each individual. From this data it was possible to assess a dose-response association between exercise and autonomy. Three categories were delineated by attendance. The first, baseline group, was formed by those who failed to attend any
sessions, yet had still provided pre-and post-questionnaires. The final two groups were comprised of those who attended over 12 sessions per week and those who did not. This cut-off was established by expert opinion within the research group as it equates to an approximate attendance of one session per week.
Statistics
Total scores were summed with respective subtotals for needs and support. These were also calculated for each of the four domains assessed.
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Participants who lacked any data from pre, and or post intervention autonomy questionnaires at 12 weeks were deemed to have been lost to follow-up. Total scores from those who completed at least half of the follow-up questionnaire were calculated using mean values for missing responses.
The Shapiro-Wilk test was utilised to assess the statistical normality of observed change. If this test was not significant, parametric tests were utilised, specifically paired t-tests when comparing intragroup differences and unpaired when comparing intergroup changes. Where normality was violated and transformation proved unsuccessful, non-parametric tests were chosen including
Wilcoxon signed rank and Mann-Whitney U test. All tests conducted were two-sided and conducted in Stata 13.
Results
Ninety-four people agreed to participate in the study. Group 1 was composed of 36 participants, group 2 and 3, 28 and 20 respectively. Ninety-two completed baseline assessments. The cohort was predominately male (63%) who were also significantly younger than the women, 28.7 years compared to 32.3 respectively (z = -2.00, p = 0.045). Demographic, baseline and clinical data is summarised in table 1.
In total, 33 participants did not attend any sessions. The median attendance was 3 sessions. Those who did not attend any sessions were more likely to have been hospitalised on more than one occasion (p=0.03). Comparison of baseline characteristics between those who completed the concluding assessment and those who did not are shown in table 2. No significant difference was identified between pre-total cumulative change, pre-needs, or pre-support scores.
Once separated into categories of attendance, as shown in table 2, there were no statistically significant differences between the three groups.
The initial response rate for the pre-intervention survey was 97.8%, falling to a mean response of 61.6% per question at follow-up. Owing to partial responses post-intervention, a pairwise comparison of the total score was only possible with 47 participants before imputation, and 54 after.
Some 39 individuals completed less than 50% of the follow-up autonomy questionnaire and were not included in the analysis.
The Cronbach's alpha for the pre-intervention questionnaire was 0.69 and post-intervention 0.64.
As shown in Table 3 , those who did not attend any sessions, and sufficiently completed the follow-up questionnaire, showed no significant change in need, support or cumulative total. The any attendance group,
demonstrated a significant reduction in needs following the intervention -0.61 (95% CIs -0.22, -1.00).
There was no significant difference in the change observed in any category when dichotomising attendance, however, the estimated change in mean scores lacks precision, in part due to the small group size.
Whilst the greatest reductions were observed in self-reported needs when attending 13 or more sessions over the programme, -0.72 (95% CIs -1.41, -0.04) this was not significantly different from the changes observed in the lower category of attendance (p=0.68) suggesting no evidence of a dose response effect. Finally, there were no significant changes in either support or cumulative total either between or within groups regardless of attendance.
Scores were further separated into each of the four composite questions. Summaries of the change in activities of employment, health, social contacts and close relationships are shown in Table 5 . As with the aggregated scores, significant changes were seen in patient needs, with no significant changes observed in support requirements for any of the four domains.
A significant reduction in needs for tasks of employment with any attendance was observed -a reduction of 0.21 (95% CIs -0.39,-0.03). When stratified by session attendance, change was observed in the highest strata of attendance with only marginal significance in those who attended between 0-12 sessions. A similar situation is present with relationship needs. In contrast, social needs are the only category to show any change that may represent a benefit of higher participation rates, as up to 12 sessions attendance has no significant effect, the higher category is linked with a mean change of -0.18 (95% CIs -0.36, -0.01). The exception to change was physical health, showing no significant change regardless of attendance.
Discussion
On a background of laudable benefits, the results of this study suggest a plausible association between physical exercise and increasing autonomy in young individuals following FEP. Though reductions in unmet needs were not global, isolated reductions were seen in self-rated needs for additional care in those who attended any physical exercise sessions during the three-month period.
The implications of the FitForLife study are limited due to the method and study design, but are not without merit in the field of recovery. The significant association between any attendance and reduced perception for further help is a logical consequence of enhanced autonomy. Such improvements in autonomous function are therefore an indicator of the recovery process in this group.
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Reductions were also evident, but not statistically significant, in both cumulative total and support requirement. Such changes, especially in the absence of detrimental increases, suggest further exploration is needed to consider the validity of these associations and the overall impact on the field of physical exercise and recovery.
Existing literature
Though a limited number of studies have been conducted in this area, and those that have use varying methods, the results from this study are somewhat congruent to conclusions drawn previously (Gorczynski and Faulkner, 2010; Malchow et al., 2013) .
The most comparable study, by Scheewe and colleagues, found a borderline significant reduction of 22% was observed in self-reported total CAN scores with a threshold attendance of 50% at 6 months. No effect was observed with those simply allocated to the exercise arm of the trial (Scheewe et al., 2013) . This study recruited 63 individuals with schizophrenia who were randomised to occupational therapy or structured physical exercise. Although hindered by differing attendance categorisation, the overall trend towards improvement is in keeping with that found in FitForLife, though the dose response association seen in Scheewe's study is not mirrored here.
Though comparable in terms of intervention design and outcome measurement, the CAN is reported as a total rather than for each domain and after 6 months rather than 3 as in FitForLife.
Consequently, a true comparison of like-for-like change is not possible owing to the selective utilisation of individual CAN items in FitForLife.
Though an extrapolation, at baseline the total needs are proportionately higher with pre-needs of approximately 8.3 compared to 6.9 in the FitForLife study which utilised less than 20% of the questions (Scheewe et al., 2013) . Potentially, this disparity could be an artefact of the broad inclusion criteria and different diagnoses within the Swedish study, and therefore may represent a greater burden of mental ill-health.
Unfortunately, there are no other quantitative studies that assess the associations between physical exercise and autonomy using the CAN in patients with psychosis. However, a qualitative study conducted in the United Kingdom examining community based physical exercise for serious, enduring mental health conditions (including psychosis), found a persistent theme of increased autonomy in those who participated in the programmes (Hodgson et al., 2011) .
Though incorporating a broader range of mental health conditions: major depression, schizophrenia, bipolar disorder, and obsessive-compulsive disorder, and a slightly older cohort (mean age for men of 41.4 years and women 43 years) the underlying concept is still applicable. This triangulates the ACCEPTED MANUSCRIPT A C C E P T E D M A N U S C R I P T improvements seen in the crude results of FitForLife and adds a degree of support to the findings. A qualitative study was attempted with the participants of FitForLife but due to the poverty of speech among participants, was thought unreliable as interviews became increasingly structured.
Though not limited to autonomy, a broader perspective of the association between physical exercise and namely schizophrenia, is reviewed in a recent Cochrane analysis (Gorczynski and Faulkner, 2010) . This identified plausible benefits of physical exercise, particularly for negative symptoms, with no evidence of harm. Though FitForLife does not meet the rigorous inclusion criteria for such a review, the conclusion can be considered on a similar vein; improvements plausible but doubt and refinement of methods still required to address the limitations.
The retention rate in the present study are broadly consistent to previous physical exercise and activity interventions. In FitForLife, when considering partial responses, approximately 70% of participants remained within the study ( figure 1 ). This figure, whilst lower than the point estimate, falls within the 95% confidence intervals of a meta-analysis of physical exercise interventions for schizophrenia (Vancampfort et al., 2016) . The analysis conducted showed that of the 19 unique studies conducted over 6-34 weeks showed a dropout rate of 22.1% (95%CI 16.4, 28.9%) could be expected. This said, a theoretically higher rate of attendance could have been observed given the education of the trainers, as the meta-analysis demonstrated that significantly lower prevalence of dropout 15.8% (95%CI 11.1 22.0%) was associated with graduate level training in physiotherapy or exercise physiology.
Interpretation of the Results
As to why self-rated needs demonstrate a significant change, irrespective of attendance, requires exploration, especially given no significant change in both cumulative total or self-rated support.
When considering the breakdown of the total score, the time course of the intervention may impact the outcomes seen. Potentially, needs demonstrate less lag time between intervention and outcome, explaining greater change in needs vs. support. This may be a product of organisational translation of needs into support. Conversely, needs maybe more volatile than support and perhaps what is measured is best encapsulated by 'felt need' rather than an objective requirement (Bradshaw, 2013) . Refuting this hypothesis is physical health, the only domain to show no significant change. Whilst the participants of this study were young, decreasing the likelihood of senescent illhealth, the mean needs for this subcategory did not differ significantly compared to self-rated needs for employment or activities of daily living. Therefore, the isolated lack of significant change in this measure argues against volatility.
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Aside from the small group size, it is also possible that the length of intervention may explain the lack of change observed in the fashioned control group (table 3) . Long-term follow-up has shown that those affected by psychosis demonstrate an increasing number of unmet needs over time, suggesting a declining autonomy (Wiersma et al., 1998) . However, to determine this trajectory over three months is unrealistic given the lifelong duration of the underlying conditions.
Limitations
The greatest limitations of this study are changes made to the design after initiation. The loss of randomisation not only means there is potential unequal distribution of unmeasured confounding factors but also that there is no true control group. Despite the lack of identifiable characteristics associated with attendance in this study, it seems improbable this is simply the consequence of chance. Moreover, it is likely that either unmeasured factors or small group size and type II error prevented identification of said factors, an effect that could have been mitigated with proper randomisation.
Despite broad inclusion criteria, loss to follow-up and low incidence of FEP limited the numbers available for analysis and hence power (Masoudzadeh et al., 2007; Mueser and Mcgurk, 2004 ).
Subsequently, it was difficult to perform suitable analyses, and missing values for partial responses could not be imputed using regression models. The study does, however, provide value for future studies in quantifying estimates of sample sizes with approximate effect sizes.
There must also be consideration as to who participated. Plausibly, participants have a lower functional state than those who were occupied with other tasks such as employment, though it is likely the study includes those with a functional state that at least makes participation permissible.
This could mean less severe cases are more likely to participate and already show a trajectory for improvement. Consequently, this may underestimate the overall effect of the intervention as those who are sickest at time of inclusion may have the most to regain from therapy (Zipursky et al., 2013) .
Participation also needs consideration as approximately 40% of all those recruited failed to submit a response at follow-up. Though no factors could be identified for this, it exposes the results to a risk of bias. Potentially, those who dropped out were unable to maintain the commitments of the programme, most conceivably due to worsening disease.
The tool used to measure autonomy, whilst based on a validated questionnaire, was adapted and used only 4 of the usual 22 items (Phelan et al., 1995) . Though intended to decrease the burden on the participants, there remains uncertainty that the composite score of the four items is measure of autonomy or just the four individual domains. This makes comparison with existing literature more ACCEPTED MANUSCRIPT
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challenging as similar studies typically report the CAN as a total score rather than composite domains i.e. physical health (Scheewe et al., 2013) . Even if assessing the individual scores by domain, the interpretation is still hampered by a lack of direct translation. Though it is evident a lower score should correspond to lower self-rated needs, there is no medical or financial translation of this to extol beneficial changes in the individual or on a societal level.
Further Research
Though confirming the acceptability of this standardised intervention with a response rate of approximately 61%, is comparable to other studies in this field, without randomisation at either individual or centre level the true effects of the intervention are indiscernible (Gorczynski and Faulkner, 2010; Vancampfort et al., 2016) .
Cross-over designs present a plausible solution to such issues as the intervention is designed to alleviate rather than cure. However, evidence suggests such interventions change long term exercise habits which may contaminate the proposed study (Malchow et al., 2013) . A simpler alternative would be to change the unit of randomisation, choosing instead to randomise by centre, but increasing costs and impact of centre losses on power would need to be considered.
In future studies, to reduce attrition, and perhaps minimise participant discontent, the passive waiting list element could be substituted with an alternative control. A non-exercise, social element could be considered as in the current scheme as it is difficult to delineate between which component of the intervention is enacting change, either socially or through the biological consequences of physical exercise. Correll, C.U., Solmi, M., Veronese, N., Bortolato, B., Rosson, S., Santonastaso, P., Thapa-Chhetri, N., Fornaro, M., Gallicchio, D., Collantoni, E., Pigato, G., Favaro, A., Monaco, F., Kohler, C., Vancampfort, D., Ward, P.B., Gaughran, F., Carvalho, A.F., Stubbs, B., 2017. Prevalence, incidence and mortality from cardiovascular disease in patients with pooled and specific severe mental illness: a large-scale meta-analysis of 3,211,768 patients and 113,383,368 controls.
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World A C C E P T E D M A N U S C R I P T Table 1 . Demographics, baseline characteristics and diagnosis of study participants categorised by binary attendance of gym sessions. n = 92 A C C E P T E D M A N U S C R I P T 
